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Volume computed tomography dose index (CTDIvol) represents an average dose within a
scan volume for a standardized CTDI phantom. It is a useful indicator of the dose to the
standardized phantom for a specific examination protocol. Dose index (CTDIvol) for head
and body PMMA phantoms have been estimated in this study and comparison made with
corresponding console displayed doses. The study was performed on 40 slice CT system,
and measurements were done with 100 mm long pencil ion chamber connected to an
electrometer. Doses were estimated using the AAPM Report 96 formalism. Estimated dose
for head scan technique (120 kV, 150 mAs) was 44.30 mGy, deviating from the console
displayed dose by 4.49%. The body (pelvic) scan technique of 120 kV and 100 mAs produced
a dose estimate of 20.08 mGy in the body phantom, deviating by 3.05% from the console
displayed dose. The estimated head and body phantom doses were compared to selected
international dose reference levels and varying deviations were observed.
Copyright © 2015, The Egyptian Society of Radiation Sciences and Applications. Production
and hosting by Elsevier B.V. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
Modern diagnostic imaging such as computed tomography
(CT) has revolutionized medicine. Computed tomography
machine can produce extremely detailed images of any part of
the body in a matter of seconds. The procedure is one of thepartment School of Nucle
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icense (http://creativecommost frequently used diagnostic imaging methods. Doses of
ionizing radiation delivered from CT could range from 50 to
over 500 times that of a standard X-ray, such as a chest X-ray
or mammogram (NCI, 2010). Concerns have been raised that
such large doses of radiation plus the widespread and
increasing use this diagnostic procedures may, in a small butar and Allied Sciences University of Ghana P.O. Box AE 1 Accra,
ford).
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Reported incidents of radiation overexposure have led to the
interest of evaluating doses delivered in CT examinations
(UNSCEAR, 2013).
Evaluation of radiation dose in CT is performed by esti-
mating the computed tomography dose index (CTDI), which
represents the absorbed dose along the longitudinal axis
(z-axis) of the CT scannermeasured during a single rotation of
the X-ray source (AAPM, 2008, 2011). CTDI is estimated from
measurements taken with a 100 mm long pencil ionization
chamber placed in the CT head and body phantom, and
denoted CTDI100 (AAPM, 2011). Computed tomography dose
index is always measured in the axial scan mode for a single
rotation of the X-ray source, and theoretically estimates the
average dose within the central region of a scan volume
consisting ofmultiple, contiguous CT scans for the casewhere
the scan length is sufficient for the central dose to approach
its asymptotic upper limit (AAPM, 2008).
Dose measurements are made at the center and at the
periphery of the phantom, and these values are combined
using a weighted average (CTDIw) to produce a single esti-
mate of radiation dose to the phantom. The head and body
phantom are of 16 cm and 32 cm diameters respectively. The
CTDIvol measured in the small phantom is used as a refer-
ence for head CT, and also as a reference for pediatric body
CT for some scanner manufacturers. The CTDIvol measured
in the large phantom is used as a reference for adult CT in
the torso (chest, abdomen, and pelvis) and also as a reference
for pediatric body CT for some scanner manufacturers
(Shrimpton, 2004). The CTDIvol value is reported in the units
of mGy.
With the new generation of CT scanners, advanced tech-
nologies with helical scanningmode or cone-beam irradiation
geometries, the method of dose estimation keeps evolving as
specified in the American Association of Physicists in Medi-
cine (AAPM) Task Group (TG) reports (AAPM, 2008, 2010, 2011).
Lately, the use of a small volume ionization chamber posi-
tioned in a phantom to establish dose equilibrium at the
location of the chamber is proposed to estimate absorbed dose
(AAPM, 2010). The aim of this study is to estimate the doses
delivered during commonly used CT examination protocols as
stated in AAPM Report 96 (AAPM, 2008), and to compare them
with the doses informed by the CT scanner at the end of each
scanning.Fig. 1 e Set-up for CTDI determination.2. Methodology
A positron emission tomography e computed tomography
(PETeCT) system (Siemens Biograph 40, USA) was used for
this study. The study was performed on the CT component of
the system, which provides 40 slices per gantry rotation.
Computed tomography head (16-cm diameter) and body (32-
cm diameter) PMMA dosimetry phantoms were used in the
study to mimic an adult head and body respectively. Cali-
brated 100 mm long pencil ion chamber connected to UNI-
DOS E electrometer (PTW Freiburg, Germany) was used in
taking charge measurements. Thermometer and barometer
were used in recording the room temperature and pressure
respectively.Measurements were taken by setting up the head and
body phantoms in succession. The head phantom was first
setup on the PETeCT couch and centered at the isocentre of
the scanner with the long axis of the phantom aligned with
the z-axis of the scanner. Scoutview and single 1 mm slice
image of the phantom was acquired for alignment purposes.
The ion chamber was placed in the center of the phantom
and a scoutview image used to select the volume or slice to
be imaged. Dosimeter readout was set to zero, and exposure
in axial mode at brain CT scan technique (120 kV, 150 mAs)
was used for the head phantom study. Charges (in nano-
coulombs) were measured in the central and peripheral
holes by changing the ion chamber position from one hole
to the other as shown in Fig. 1. After taking head phantom
measurements, the procedure was repeated on the body
phantom. Pelvic CT scan techniques (120 kV, 100 mAs) were
set for the body phantom measurements. All the measure-
ments were taken at temperature of 21 C and pressure of
832 hPa.
Results from the CTDI tests are presented in Tables 1 and 2.
Electrometer readings were taken in charge mode, corrected
for temperature and pressure, and converted into exposure
(rad) using equation (1). CTDI100, CTDIw and CTDIvol were
estimated using equations (2)e(4) respectively. The estimated
values were compared with console displayed doses (CTDIvol)
for the two examinations.
XðradÞ ¼ Q
mair
ðC=kgÞ ¼ Q
mair
$
1
2:58 104 ðRÞ$fmedðrad=RÞ (1)
CTDI100 ¼ X
ðradÞ$Cf $LðmmÞ
N$TðmmÞ (2)
CTDIw ¼ 13CTDI
centre
100 þ
2
3
CTDIperiphery100 (3)
CTDIvol ¼ CTDIwpf (4)where
Table 1 e CTDI test results for head phantom at 120 kVp and 150 mAs.
Charge Exposure CTDI100 (rad) CT console
CTDIvol (mGy)Q1 (nC) Q2 (nC) Qave (nC) X (C/kg) X (rad)
Central (C) 0.3080 0.3080 0.3080 1.90E-03 5.7338 3.5836 42.40
Periphery (P1) 0.3780 0.3790 0.3785 2.33E-03 7.0462 4.4039 42.40
Periphery (P2) 0.3810 0.3820 0.3815 2.35E-03 7.1020 4.4388 42.40
Periphery (P3) 0.3840 0.3840 0.3840 2.36E-03 7.1486 4.4679 42.40
Periphery (P4) 0.3830 0.3830 0.3830 2.36E-03 7.1300 4.4562 42.40
CTDI100c (rad) CTDI100p (rad) CTDIw (mGy) Estimated
CTDIvol (mGy)
CT console
CTDIvol (mGy)
3.5836 4.4417 41.5566 44.30 42.40
Percentage deviation 4.49%
Table 2 e CTDI test results for body phantom at 120 kVp and 100 mAs.
Charge Exposure CTDI100 (rad) CT console
CTDIvol (mGy)Q1 (nC) Q2 (nC) Qave (nC) X (C/kg) X (rad)
Central (C) 0.1330 0.1340 0.1335 8.22E-04 2.4853 1.5533 19.49
Periphery (P1) 0.1770 0.1760 0.1765 1.09E-03 3.2857 2.0536 19.49
Periphery (P2) 0.1770 0.1770 0.1770 1.09E-03 3.2951 2.0594 19.49
Periphery (P3) 0.1750 0.1750 0.1750 1.08E-03 3.2578 2.0361 19.49
Periphery (P4) 0.1760 0.1760 0.1760 1.08E-03 3.2764 2.0478 19.49
CTDI100c (rad) CTDI100p (rad) CTDIw (mGy) Estimated
CTDIvol (mGy)
CT console
CTDIvol (mGy)
1.5533 2.0492 18.8391 20.08 19.49
Percentage deviation 3.05%
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Cf e [Electrometer/ion chamber calibration factor] ¼ 1,
L e [Ion chamber length] ¼ 100 mm,
T e [Width of one slice or tomographic selection] ¼ 4 mm,
N e [Number of slices or tomographic sections imaged in a
single axial scan] ¼ 40,
X e [Estimated exposure] ¼ Q=m
pf e [Pitch factor] ¼ 0.938.
mair e [Mass of air irradiated] ¼ rair  vair
rair e [Density of air at Standard Temperature and
Pressure] ¼ 1.293 kg/m3
vair e [Vol. of irradiated air for single
slice] ¼ ð4 mm=100 mmÞ  vc ¼ 0.04  vc
vc e [Vol. of ion chamber] ¼ 3.14 cm3 ¼ 3.14  106 m3
Hence,
mair ¼ 1:293 0:04 3:14 106 ¼ 1:624 107 kg ðat STPÞ
3. Results and discussion
The CT radiation doses were estimated using formalisms in
the AAPM Report 96 (AAPM, 2008). Whereas CTDIw represents
the average absorbed radiation dose over the x and y di-
rections at the center of the scan from a series of axial scans
where the scatter tails are negligible beyond the 100-mm
integration limit, CTDIvol represents the average absorbed
radiation dose over the x, y, and z directions along the scan
length (AAPM, 2008). Conceptually, the estimate is similar tothe Multiple Scan Average Dose (MSAD), but is standardized
with respect to the integration limits of ±50 mm and the f-
factor used to convert the exposure or air kerma measure-
ment into dose to air.
Results for the head and body phantommeasurements are
presented in Tables 1 and 2 respectively. Charge readings in
tables are for single tube rotation for single slice.
Scan protocols for the head phantom study were set at
brain scan CT techniques of 120 kVp and 150 mAs to mimic
clinical conditions for an adult patient. The estimated dose
frommeasurements taken in this study was 44.3 mGy and the
corresponding console displayed dose was 42.4 mGy. A devi-
ation of 4.5% was realized between the estimated and console
displayed doses.
Estimated dose from measurements taken in the body
phantom was 20.08 mGy, and this was at pelvic scan CT
techniques of 120 kVp and 100 mAs. The console displayed
dose for the pelvic examination was 19.49 mGy, hence devi-
ation of 3.1% was realized between the estimated and console
doses.
For someCT systems, console displayed doses are based on
theoretical estimates from internationally accepted software
packages such as CT-Expo software, while other CT systems
compute console doses by actual phantom measurements.
Studies show that for systems with theoretically estimated
console doses, accuracy of dose measurement may exceed
±10% (Brix et al., 2004).
The estimated doses for the head and body phantoms
in this study compare favorably with study by Inkoom,
Schandorf, Boadu, Emi-Reynolds, and Nkansah (2014) for
Table 3 e Comparison of estimated CTDIvol with some international DRLs.
Examination CTDIvol (mGy)
This study ACR-2008 [ACR (2008)] Europe-2004 [Bongart et al. (2004)] UK-2003 [Shrimpton et al. (2005)]
Head 44 75 60 65e100
Pelvis 20 25 15 14
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which involved six CT facilities, produced diagnostic refer-
ence levels (CTDIvol) of 39.0e58.6 mGy for routine head scans
and 14.9e24.2 mGy for pelvic scans in Ghana. A comparison
of results in this study to international diagnostic reference
levels (DRLs) for American College of Radiology (ACR, 2008),
Europe (Bongart et al., 2004) and United Kingdom
(Shrimpton, Hillier, Lewis, & Dunn, 2005) is presented in
Table 3.
The head phantom dose of 44 mGy was observed to be
lesser in comparison with doses for the international DRLs by
70%, 36% and 47e127% for ACR (2008), Europe (2004) and UK
(2003) respectively. The estimated dose for the body phantom
(with pelvis exposure technique factors) in this study was
higher than DRLs for Europe (2004) and UK (2003) by 25% and
30% respectively, but lesser than the DRL for ACR by 25%.
However, it is worthy of note that these findings may not
imply overdosing or underdosing of patients by the interna-
tional protocols since this study was only performed on a
simple homogeneous PMMA phantom.
In a study to measure dose delivery in CT examinations,
Descamps, Gonzalez, Garrigo, Germanier, and Venencia (2012)
used AAPM TG Report 111 to estimate percentage differences
between estimated and console displayed doses for new
generation CT systems. Results from their study shows that
measured doses (CTDIvol) for CT examinations could be as
much as 32e35% higher than console displayed doses. While
CTDIvol estimates the average radiation dose within the irra-
diated volume for an object of similar attenuation to the CTDI
phantom, it does not represent the average dose for objects
of substantially different size, shape, or attenuation (AAPM,
2008). Although it is recommended in recent times to use
AAPM Report 111 formalism in estimation of absorbed doses
for patients undergoing CT examinations, the use of AAPM
Report 96 formalism is still relevant for purposes such as
quality control.4. Conclusion
Doses informed by CT console during scan examinations are
based on CTDI paradigm stated in AAPM reports. This index is
a standardized measure of the dose output of the CT system
and expected to be equal to estimated doses when scan is
performed. This study has shown deviations of 4.5% and 3.1%
between estimated and console displayed doses for head and
pelvic scan techniques respectively, by employing AAPM
Report 96 dose estimation formalism. In reference to inter-
national DRLs, the comparison with dose estimates in this
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